In discussion, it is showm that the ternary compounds NiCu3Al6 and FeCu2Al7 occur at the same electron: atom ratio, according to the authors' theory of the role of transitional elements in alloy formation. The compound T(CoCu) forms a third member of the same series and is probably of the ideal composition Co2Cu6A113. The results support the hypothesis of absorp tion of electrons by transitional metal atoms present in aluminium-rich alloys, and also that the occurrence of ternary compounds is influenced to a marked degree by the electron: atom ratio.
I n t r o d u c t io n
In recent papers (Raynor 1944a (Raynor , 1945 Raynor & Little 1945; Raynor & Pfeil 1946-7a, b; Raynor & Wakeman 1947; and Raynor & Waldron 1948) , the consti tutions of a number of aluminium-rich ternary systems, containing, as solutes, one or two transitional metals of the first long period, have been described. This work was undertaken in order to obtain information, by systematic investigation, with regard to the role of transitional metals in this type of alloy. The results suggest very strongly that, when alloyed with a metal of relatively high valency such as aluminium, transitional metal atoms absorb electrons from the structure as a whole in such a manner as to fill the vacancies in their atomic orbitals. The importance of the electron: atom ratio as a factor in the formation of binary and ternary intermediate phases with aluminium and the transitional metals has also been established.
According to the theory of the electronic structure of transitional metals proposed by Pauling (1938) , electrons derived from both the 3d and 4s levels of the free atom are to be regarded as concerned in the cohesion in the solid state. The electronic structure suggested is such that, for the metals chromium, manganese, iron, cobalt
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and nickel, 5*78 electrons per atom occupy 'bonding orbitals', and are concerned only in cohesion, while the remainder occupy 'atomic orbitals' which can contain a maximum of 4-88 electrons/atom. Thus chromium, manganese and iron have respectively 0-22,1*22 and 2*22 electrons/atom in atomic orbitals; in each atom these electrons are 'unpaired', that is, they have the same value of the spin quantum number. For iron, the 2*22 unpaired atomic orbital electrons account for the saturation magnetic moment, at absolute zero, of 2*22 Bohr magnetons/atom. On passing to cobalt, the addition of one more electron/atom leads to the pairing of a certain number of electrons with electrons of opposite spin quantum number, since there is room in the atomic orbitals only for 2*44 unpaired electrons. As a result, cobalt possesses 1*51 paired electrons and 1*71 unpaired electrons/atom in atomic orbitals, while nickel, with one electron more, has 3*61 paired electrons and 0*61 unpaired electrons/atom in these orbitals. This conception implies the presence of vacancies in the atomic orbitals of the transitional metals of the first long period to the following extents per atom: If it be assumed that, in aluminium-rich alloys, these vacancies may be filled by the absorption of electrons from the structure as a whole, several interesting analogies between different alloy systems may be traced. Thus, the systems aluminiummanganese-copper, aluminium-manganese-nickel (Raynor 1944a) , and aluminiummanganese-zinc (Raynor & Wakeman 1947 ) each contain a ternary compound which enters into equilibrium with the primary aluminium-rich solid solution; in each case the compound is based on a ratio of four aluminium atoms to one solute atom, and, if manganese and nickel are considered to absorb respectively 3*66 and 0*61 electrons/ atom, has an electron: atom ratio of 1*85. I t has also been shown th a t the binary compound Co2A19 and the ternary compound FeNiAl9, the isomorphism of which may be accounted for by the fact th at both phases have closely similar electron: atom ratios according to the present theory, will both dissolve nickel to the same electron: atom ratio of 2*285 (Raynor & Pfeil 1946-76) . On the basis of the theory, almost quantitative predictions of the forms of the equilibrium diagrams for the aluminiumrich aluminium-iron-cobalt and aluminium-cobalt-nickel alloys have been made (Raynor & Pfeil 1946-7a, 6 ). Although experimental evidence at present available suggests th at the number of electrons absorbed per atom of a transitional metal is very similar to the number of atomic orbital vacancies, the physical mechanism by which absorption of this number of electrons occurs is not clear. Using the alternative band theory model, it might be expected th at nickel, cobalt and iron would complete their 3 shells by the acceptance of 0, 1 and 2 electrons respectively. In the present paper, the non integral values have been retained for consistency with previous work.
In the course of this work, it was noted that, in the systems aluminium-iron-copper and aluminium-nickel-copper, ternary compounds are formed which enter into equilibrium with the aluminium-rich solid solution. According to the results of Bradley & Goldschmidt (1939) , and of Bradley & Lipson (1938) , these compounds may be represented respectively as FeCu2Al7 and NiCu3Al6. Assuming th a t alumi nium and copper respectively contribute three electrons/atom and one electron/atom to the structure, while iron and nickel respectively absorb 2-66 and 0-61 electrons/ atom, the electron: atom ratios of FeCu2Al7 and NiCu3Al6 are 2-034 and 2-039. I t appears probable, therefore, th a t the formation of these two compounds is dependent on the establishment of an electron: atom ratio of approximately 2-04. Assuming th at nickel and iron absorb respectively 0 and 2 electrons/atom, the appropriate ratio is 2-1. If these views are correct, it would be expected th a t a ternary compound with a similar electron: atom ratio would occur in the aluminiumrich aluminium-cobalt-copper alloys. Since no information with regard to these alloys was available in the literature, an experimental investigation was undertaken in order to test this suggestion. Figure 1 shows the aluminium-rich portion of the aluminium-cobalt equilibrium diagram according to Fink & Freche (1932) . The solid solubility of cobalt in aluminium is negligibly small, and does not exceed 0-02 % a t any temperature. At 1 % cobalt and a temperature of 657° C, the aluminium-rich solid solution and the compound Go2A19 separate from the liquid as a eutectic mixture. The intermetallic compound, although based essentially on a ratio of two cobalt atoms to nine aluminium atoms, contains slightly more cobalt than th at corresponding to the ideal formula (Raynor & Pfeil 1946-76 Existing data on the equilibrium diagram of the aluminium-copper alloys have been summarized by Raynor (19446) , and the aluminium-rich region of the diagram is reproduced here as figure 2. The solid solubility of copper in aluminium extends up to 5-7 % copper at 548° C. At this temperature, and at a composition of 33 % copper, a eutectic is formed between the aluminium-rich solid solution and the compound CuA12.
. T h e b in a r y s y s t e m s
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F ig u r e 2. Equilibrium diagram for aluminium-copper system.
Ma t e r ia l s u s e d
Alloys were prepared from super-pure aluminium, obtained from the British Aluminium Company, Ltd., and from binary aluminium-cobalt and aluminiumcopper master alloys. The aluminium-cobalt alloy was prepared from pure materials and presented by the British Aluminium Company Ltd., to whom grateful acknow ledgement is made. The aluminium-copper alloy was prepared by the authors. The compositions of the master alloys are given in table 1. 
E x p e r im e n t a l m e t h o d s
Alloys for annealing experiments were prepared in quantities of 20 to 25 g. by melting together the appropriate quantities of the master alloys and aluminium in alumina-lined crucibles with vigorous stirring. In preliminary work, the alloys were cast into a heavy bronze mould. Owing, however, to the difficulty of attaining equilibrium on subsequent annealing, all the alloys on which the conclusions of this paper are based were cast in the special mould described by Raynor & Wakeman (1948) . In this apparatus, the alloy is poured into a thin-walled copper tube sur rounded by a stirred freezing mixture, and very fine chill-cast microstructures are obtained.
Annealing was carried out in tubular resistance furnaces, automatically controlled to within + l°C o fth e required temperature. Specimens were enclosed in evacuated hard-glass tubes, and possible reaction between the metal and the glass was pre vented by the interposition of a thin alumina sheath. Annealing treatm ents were concluded by quenching the specimens in cold water; freshly cut surfaces were prepared for micrographic examination by the usual methods.
Alloys for slow-cooling experiments were prepared in quantities of 60 g. After thorough stirring, the melts were cooled a t 1*5° C/min., using a Foster Programme Controller. When cold, the ingots were sectioned longitudinally and examined micrographically. In certain cases, the primary crystals present were extracted eleetrolytically as previously described, and, after careful hand-sorting, submitted for analysis.
In all cases, critical alloys resulting from the annealing work were analyzed; alloys for which analyses were carried out, using the actual specimens examined micrographically, are distinguished in the diagrams contained in this paper by black symbols.
Micro g r a p h y o f t h e a l l o t s (a) Alloys rich in aluminium
In addition to the aluminium-rich solid solution, three metallographic constituents were recognized in annealed specimens: (i) Co2A19, which was grey in colour and showed relief effects.
(ii) CuA12, which was white with a pink tinge, and in low relief.
(iii) A ternary phase, denoted as T(CoCu) in this paper, which was a lighter grey, and in lower relief, than Co2A19.
CuA12 could be distinguished from the other two phases in the unetched condition. Several etching reagents gave a satisfactory distinction between Co2A19 and T(CoCu), the most useful being an aqueous solution containing 5 % sodium hydroxide and 5% sodium carbonate. An immersion of 30 sec. stained Co2A19 brown, while the ternary compound remained almost unaffected. In general, however, all critical alloys were examined using additional reagents for confirmation. Typical microstructures are reproduced in figures 3, 4, 5 and 6, plate 14.
(6) Alloys containing 48 to 55 % copper
The metallographic constituents recognized in annealed alloys rich in copper were: (i) CuA12.
(ii) The aluminium-rich solid solution, appearing as small yellow areas, in lower relief than the matrix of CuA12.
(iii) T(CoCu), which retained the same etching characteristics as in the alumi nium-rich alloys.
(iv) A grey phase, darker than T(CoCu), denoted as W in this paper. The etching characteristics of this phase were quite distinct from those of T(CoCu) and of Co2A19.
(c) Slowly cooled alloys
In these alloys, the phases Co2A19, T(CoCu) and CuA12 were recognized without difficulty, in addition to the aluminium-rich matrix. Two other phases were found in alloys rich in copper and cobalt. One of these was identified, from its etching characteristics, as the W phase; the second, a light grey phase resistant to attack by etching, has not been identified. Further reference is made to these phases below.
. N o m e n c l a t u r e
To facilitate reference to individual alloys in the following sections, alloys are identified by their compositions. Thus the term 'alloy 1-5/5-5' refers to an alloy containing 1-5 wt. % cobalt and 5-5 wt. % copper.
T h e c o n s t it u t io n i n t h e so l id s t a t e
Initial experiments, in which alloys were annealed for 4 weeks, showed th a t equilibrium was only attained very slowly; several alloys contained the four phases a, Co2A19, T(CoCu) and CuA12, where a, as elsewhere in this paper, denotes the aluminium-rich solid solution. In all later experiments, therefore, the alloys were cold-worked by hammering and squeezing in a vice before annealing, and between successive annealing periods, in order to hasten the attainm ent of equilibrium.
(a) The 530° C isothermal-aluminium-rich alloys
In general, alloys were examined after annealing for 4 weeks at 530° C, and again after a further annealing period of either 2 or 4 weeks a t the same temperature. The general effect of this treatm ent was to bring alloys containing four phases after 4 weeks' annealing nearer to a normal three-phase structure. The amount of jT(CoCu) present increased at the expense of either the CuA12 or the Co2A19. All alloys in which any change in microstructure had occurred were again annealed, and re-examined at fortnightly intervals until a total annealing time of 12 weeks had been given, at which stage the experiments were discontinued. After 12 weeks, only three of the forty-eight aluminium-rich alloys contained traces of a fourth phase; these alloys are referred to in detail below.
The results of this work are summarized in figure 7 , in which all the points plotted refer to alloys annealed for 12 weeks, or until no change in microstructure was obtained on successive annealing for a shorter total period. The (a + CuA12) and (a+T(CoCu)) phase fields are very narrow, while the three-phase fields and the (a -1-Co2A19) phase field are relatively extensive. The form of the (a + Co2A19) field indicates that, at 530° C, the solubility of copper in Co2A19 is not large, and probably of the order of 1 %.
The changes by which equilibrium is attained in alloys having compositions in the region of the (a+ T(CoCu)) phase field are of interest. The alloy 1-50/10-10 may be considered as an example. After annealing for 4 weeks, the a, Co2A19 and CuA12 phases were present, together with a small but easily recognizable amount of T(CoCu). After 8 weeks the amount of Co2A19 had decreased considerably, while the amount of T(CoCu) had increased correspondingly; the amount of CuA12 was rela tively little changed. After a further fortnight, only traces of Co2A19 remained, while after 12 weeks none was visible except as occasional minute inclusions in some of the larger jT(CoCu) particles. I t was concluded th a t the equilibrium structure of this alloy a t 530° C was (a + J'(CoCu) + CuA12), and th a t annealing periods of prohibitive length would be necessary to remove the minute Co2A19 inclusions.
Alloys 1*32/7-63 and 1*00/6*82 retained small amounts of CuA12 in structures which were predominantly (a + Co2A19+ 71(CoCu)). Since these alloys were not critical, no annealing in excess of 12 weeks was given, and no reliance has been placed on them in figure 7 . (6) The 530° C isothermal-alloys containing 48 to 55 % copper Eighteen alloys containing 48 to 55 % copper and up to 1*7 % cobalt were annealed for 3 weeks at 530° C, and after examination, the critical alloys were reannealed for a further 3 weeks. No changes in microstructure were observed; it is therefore probable that in this composition range equilibrium had been attained relatively rapidly boundary is, however, accurately established, and extrapolates exactly to the aluminium-rich limit of CuA12 at 530° C as determined by Stockdale. The micro-structures of the alloys upon which this boundary is based were easy to interpret, and very small traces of the a phase could be recognized without difficulty. The relative amounts of the a, T(CoCu) and CuA12 phases in alloy 0-21/51-90 indicated that the solubility of cobalt in CuA12 is restricted, and probably of the order of 0-1 % cobalt. In view of the close limits within which the (a + T(CoCu) + CuA12)/(CuA12 + T(CoCu)) boundary is fixed, it is considered justifiable to extrapolate it to obtain an estimate of the composition of T(CoCu) which enters into equilibrium with the a and CuA12 phases. When extrapolated, this boundary cuts the extrapolated (a + T(CoCu))/(a+ T(CoCu) + CuA12) boundary of figure 7, which is also accurately located, at the composition 13-5 % cobalt, 36-1% copper, and 50-4% aluminium. The cobalt figure can hardly lie outside the limits 13-1 to 13-6 %, while the corresponding range for copper is 36-0 to 36-4 %.
Constitution of the aluminium-rich aluminium-cobalt-copper alloys
This work therefore establishes the presence, in aluminium-rich aluminiumcobalt-copper alloys, of a ternary compound, the composition of which is more fully discussed in § 11.
(c)
The 500° C isothermal-aluminium-rich alloys Forty-eight aluminium-rich alloys were annealed successively for three periods of 4 weeks, and were examined micrographically at each stage. As in the experi ments at 530° C, after the shorter annealing treatments several alloys in the region of the (a 4-T(CoCu)) field contained the four phases Co2Al9, T(CoCu) and CuA12, and the effect of further annealing was to reduce the amount of one of these phases. The rate of attainm ent of equilibrium was, however, lower than a t 530° C, and even after a total period of 12 weeks' annealing, alloys 1*32/7-63, 1*46/7*80, 0*76/5*68, 1*00/6*82 (see figure 5 ), 1*36/7*05, 2*64/7*54, 1*08/6*04, 1*0/11*0, 1*50/10*1, 2*20/9*96, 2-99/9*70 and 3-0/9-0 contained small amounts of a fourth phase. A further annealing treatm ent of 4 weeks, making a total of 16 weeks, was therefore given to these alloys and to critical three-phase alloys. After this treatm ent, the seven alloys 1*32/7*63, 1*46/7*80, 0*76/5*68, 1*00/6*82, 1*36/7*05, 2*20/9*96 and 2*99/9*70 still contained small amounts of a fourth phase; the microstructures showed T(CoCu) and approximately equal amounts of Co2A19 and CuA12. I t was therefore impossible, without prohibitively long annealing treatm ents, definitely to decide to which of the neighbouring (oc + T(CoCu) + Co2A19) and + CoCu) + CuAl2) fields these alloys should be assigned. Since the results adequately confirmed the 530° C isothermal, and the presence of the ternary compound T(CoCu), the experi ments were discontinued after 16 weeks. The results obtained are plotted in figure 9 . The boundaries of the (a + T(CoCu)) field must lie between the points for alloys 1*08/6*04 and 0*7/6*46, and cannot differ significantly from those shown. In view, however, of the persistence of metastable conditions in this region, these boundaries have been drawn as broken lines. The general form of the diagram is similar to that for alloys annealed at 530° C, the only significant difference being caused by the decreased solid solubility of copper in aluminium at 500° C.
Constitution of the aluminium-rich aluminium-cobalt-copper alloys
The annealing work indicates that, in addition to Co2A19 and CuA12, a ternary compound T(CoCu) may enter into equilibrium with the primary solid solution, while the occurrence of inclusions of Co2A19 in particles of T(CoCu) suggests th a t the ternary compound is formed peritectically from Co2A19. This implies th a t three-phase T(CoCu) + Co2A19) alloys should melt a t a higher temperature than three-phase (oc+ T(CoCu) + CuA12) alloys, and experiments were made to test this. Specimens of alloy 1-5/5-5, annealed to equilibrium in the (a + jT(CoCu) + Co2A19) field a t 530° C, were annealed for 1 hr. at successively increasing temperatures, and examined micrographically after quenching. At 557*0° C, only the three solid phases were visible, but at 560*4° C, the alloy contained the cc and Co2A19 phases together with an appreciable amount of liquid. The temperature of the invariant reaction at which T(CoCu) is formed is therefore 558*7 ± 1*7° C. A sample of alloy 0*25/6*75, however, showed the a, CuA12 and liquid phases after annealing a t 553*4° C, indicating th a t three-phase alloys containing CuA12 melt a t a lower temperature than those con taining Co2A19.
Several cooling curves of an alloy containing 1*75 % Co and 14*25 % Cu were taken in order to establish whether the a, T(CoCu) and CuA12 phases separated from the liquid as a eutectic. A weak arrest was obtained a t approximately 667° C, corre sponding to the separation of Co2A19. A heavy arrest, corresponding to the secondary separation of a and Co2A19, occurred within the limits 614*5 to 615*2° C, while a final horizontal arrest occurred at 543*9 to 545*1° C. I t is therefore established th a t a ternary eutectic occurs at approximately 544*5° C, 3*5° C below the temperature of the binary aluminium-copper eutectic temperature. No arrest corresponding to the peritectic formation of T(CoCu) was observed either on slow cooling, or on slow heating after annealing the alloy, with stirring, approximately 1° C above the final arrest for 30 min. The peritectic reaction involving the formation of jT(CoCu) from Co2A19 is therefore very incomplete under slow cooling conditions.
T h e s u r f a c e s o f p r im a r y s e p a r a t io n
Several alloys were examined micrographically after slow cooling from the liquid state. The compositions of these alloys are given in figure 10 , and the points are dis tinguished according to the phase which was deposited as primary crystals. In all alloys represented by points in this diagram, a ternary eutectic structure consisting of the a, T(CoCu), and CuA12 phases was present. The alloys which deposited Co2A19 crystals free from peritectic rims contained secondary a and Co2A19, while those which deposited Co2A19 crystals, upon which T(CoCu) rims subsequently formed by peritectic reaction, contained secondary T'(CoCu) and CuA12. Alloys containing primary crystals of T(CoCu) showed a secondary deposition of T'(CoCu) and CuA12. An alloy containing 0*33 % cobalt and 31*82 % copper (not shown in figure 10 ) consisted almost entirely of the ternary eutectic; a trace of secondary a and T(CoCu) was visible, so th at this composition probably lies slightly to the aluminium-rich side of the eutectic composition. The experiments summarized in figure 10 show th a t the primary Co2A19 field is very extensive, while th at for jT(CoCu ) is very limited. The peritectic relationship between Co2A19 and jT(CoCu) is confirmed. The form of the fields of primary separa tion explains the difficulty of attaining equilibrium by annealing in the solid state. For example, the alloy 1*5/10*5, on casting, would be expected to deposit prim ary crystals of Co2A19, followed by a secondary deposition of a and Co2A19, and finally to deposit a, T(CoCu) and CuA12 at the ternary eutectic. Thus, in the ' as-cast ' state Co2A19 would be present in relatively large amounts, accompanied by only a little T(CoCu). In the fully annealed condition, however, no Co2A19 is present, but there is much T(CoCu) and some CuA12. Examination of 'as-cast' specimens of alloy 1-5/10-5 confirmed th a t much Co2A19, but only a trace of T(CoCu) was present. 
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For alloys within the range of compositions studied, therefore, Co2A19 will pre dominate in the ' as-cast ' specimens, and the slowness of the attainm ent of equili brium on annealing is due essentially to the drastic rearrangement necessary to absorb much or all of this phase, and to form T(CoCu). This illustrates the necessity for adequate annealing in this type of system, and indicates the manner in which too cursory an examination could give erroneous results. If the small amounts of T(CoCu) present in many alloys after short annealing were to escape notice, an alloy containing, at equilibrium, the T(CoCu) and CuA12 phases could be erroneously assigned to a fictitious (a + Co2A19+ CuA12) field. Since the recognition of small amounts of a fourth phase in a ternary alloy, and hence of non-equilibrium conditions, is probably easier by the use of the microscope than by the use of X-ray diffraction methods, microscopic methods for this type of system appear preferable.
T h e a n a l y s is of e x t r a c t e d p r im a r y c r y st a l s
In order to investigate the solubility of copper in Co2A19, the primary crystals deposited on slow cooling in alloys 7-0/3-0, 5-0/5-0, 3-0/7-0 and 3-5/35 were extracted electrolytica/ly, and analyzed. To avoid the contamination of the crystals from alloy 3-5/35 with T'(CoCu), the alloy was quenched in water from a temperature (570° C) above that corresponding with the peritectic formation of the ternary phase. The analytical results (table 2) confirm that the solubility of copper in Co2A19 is limited, as suggested by the annealing experiments. The solubility is too restricted for the mode of replacement of cobalt by copper to be definitely established.
VoL 197. A.
Several attempts were made to extract primary T(CoCu) crystals from alloy 0-5/33-0. It was found, however, th at the large amount of copper present redeposited on the ingot during electrolysis, and led to gross contamination by spongy metal. In addition, the ternary compound crystals themselves were attacked by dilute acids, so that it was possible to obtain only a very few large crystals for examination. They were obtained as long, shiny needles, but in a quantity too small for analysis. Further attem pts were made, using an alloy containing 1-75 % cobalt and 14-25 % copper and annealed at 554° C in the (a + T(CoCu) + liquid) region of the equilibrium model for a sufficient time to allow growth of the T(CoCu) particles to a reasonable size. The extraction was again unsuccessful, and no analysis of the compound T(CoCu) proved possible.
Owing to the very low rate of attainm ent of equilibrium in this system, and to the existence of successive peritectic reactions in copper-rich alloys containing more than a few per cent cf cobalt, it was considered impracticable to prepare pure samples of T(CoCu) by casting and annealing alloys of the requisite composition. I t was thus not possible to supplement the information with regard to the com position of T(CoCu) obtained from the annealing experiments described in § 8.
. D is c u s s io n
The work described in this paper establishes that, as in the systems aluminiumiron-copper and aluminium-nickel-copper, a ternary compound enters into equili brium with the primary solid solution in the aluminium-cobalt-copper alloys.
Although the compounds which occur in the iron-bearing and nickel-bearing alloys have been described respectively as FeCu2Al7 (Bradley & Lipson 1938) and NiCu3Al6 (Bradley & Goldschmidt 1939) , it is clear from the published constitutiona diagrams th at they exist over appreciable ranges of composition and hence of electron: atom ratio. The data with regard to the ranges of homogeneity are sum marized in table 3; in this table, electron: atom ratios have been calculated on the basis of the theory outlined above, th at is, transitional metal atoms have been regarded as absorbing sufficient electrons from the structure as a whole to fill the vacancies in their atomic orbitals. The characteristic electron: atom ratios are only slightly modified if the effective valencies of nickel and iron are taken as zero and -2 respectively. Figure 11 shows how the range of homogeneity in each case is distributed on either side of the characteristic electron: atom ratio of approximately 2-04. According to table 3, these phases may exist over the range of electron: atom ratios from 1-96 to 2-14.
In figure 12 , which represents the aluminium-cobalt-copper system, lines have been drawn a t electron: atom ratios of 1-96 and 2-14; the point representing the composition of T (C oCu) which enters into equilibrium with the a and CuA12 pha is also plotted, and it is seen th at this falls only slightly outside the critical range of electron: atom ratios for the phases FeCu2Al7 and NiCu3Al6. I t is therefore very probable th a t T(CoCu) is to be regarded as analogous to these phases, and based upon the same electron: atom ratio. If it is assumed that NiCu3Al6 represents the arrangement upon which the aluminium-copper-nickel phase is based, and that the total number of atoms in this arrangement remains constant when other transitional metal atoms are substituted
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for nickel, the characteristic formula for the ahiminium-iron-copper phase can readily be understood. The substitution of iron for nickel in the structure increases the number of vacancies in the transitional metal atoms by approximately two. To maintain the same electron: atom ratio, the copper and aluminium atoms must together supply two more electrons than in the aluminium-nickel-copper compound. Since copper and aluminium are respectively mono-and trivalent, this can only be accomplished by adding one aluminium atom and subtracting one copper atom if the total number of atoms present is to remain unaltered. This leads to the characteristic formula FeCu2Al7. Similar reasoning for the aluminium-cobalt-copper ternary phase leads to the formula Co2Cu5Al13, since cobalt has approximately one more vacancy per atom than nickel. The composition of T(CoCu) which enters into equilibrium with the a and Cu A 12 phases corresponds almost exactly with the formula Co2Cu 5A 116 ; it will be appreciated that the atomic ratio of copper to cobalt is accurately established by the work summarized in figure 7 , and is in exact agreement with the theoretical expectations discussed above. The atomic ratio of aluminium to cobalt is not completely esta blished by the present work, since only the composition of T(CoCu) in equilibrium with the a and Cu A 12 phases has been determined. Since, however, the compound probably has a range of homogeneity corresponding with those for the FeCu2Al7 and NiCugAlg phases, it is also probable th a t it can exist with a smaller number of aluminium atoms than corresponds to the experimentally determined formula. The composition Co2Cu 5A 113, which would be completely analogous to those for the other two compounds, falls well within the critical range of electron: atom ratios, as shown in figure 12 .
It is of interest to note th at the ratio of copper atoms to transitional metal atoms rises in a regular manner in the three compounds as the number of vacancies in the atomic orbitals of the transitional metal decreases, while a t the same time, the ratio of aluminium atoms to transitional metal atoms decreases. The latter tendency is entirely analogous to the manner in which the ratio of aluminium atoms to transitional metal atoms decreases in the series of binary compounds CrAl7, MnAl6, Co2A19 and NiAl3.
The results obtained from the examination of the aluminium-cobalt-copper alloys therefore demonstrate th a t a ternary compound enters into equilibrium with the primary solid solution based on aluminium, and th at this ternary compound is to be considered as analogous to those which exist in the ternary alloys of aluminium and copper with iron and nickel respectively. Support is given to the view that, in aluminium-rich alloys, transitional metals of the first long period absorb electrons from the structure to an extent governed by the number of vacancies per atom in their atomic orbitals (or in their 3 de lectron shells), and th phases in aluminium-rich alloys are markedly influenced by factors of an electronic origin.
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